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." ." ■ ; ""■ - SUMMARY "" ■ ■ ; ■ -:■ 

According to Mr. L. D. Bell, of the Consolidated Air- 
craft Corporation, certain und.es ir.aTsle spinning character- 
istics of a commercial airplane we're eliminated by the ad- 
dition of a filler to the forward part of the wing to give 
it a shaJ^i leading .edge.. To _ascer_tain what aerodynamic ef- 
feij.ti reajilt froiE. such a change of secfion, t.wo airfoils 
hav'ijag' shi^'rp leadirig edges were tested in the variable- ' ' 
dens^ity wind tunnel. '.Both section's were derived hy modlfy*- 
ing the Sfttt.* 398. The tests', which were made at a large; 
value of .the .Reynolds iTiiVinher., wer'.e carried- to very large 
an.gles' of attack to provide data for application to flight 
.at angles of attack well heyond .the s'tall.. 

. ..the .chaxacter ist ics of the sharp-nosed .airfoils, are . 
compatr.ed" w'ith those of the normal sStt. 398 airfoii. .Both' 
of the sharp-nosed airfoils, which differ in the angle hS- 
tween the upper and 'lower surfaces at the leading edge, 
have a'bout the same characteristics. As compared with the 
normal airfoil, the maximum lift is reduced "by approximate- 
ly 26 per cent, "but the objectionable rapidly decreasing 
lift with angle of attack beyond the stall is eliminated; 
the. prof ile drag o.f the section is slightly .reduced in the 
range , of the lift coefficient between 0.2 and 0.85, but at 
higher and lower lift coefficients the drag is increased. 



INTRODTJOTIOlSr- 



According to Mr. L. D. Bell of the Consolidated Air- 
craft Corporation, certain undesirable spinning character- 
istics of a commercial plane were eliminated by the ad- 
dition of a filler to the forward part of the wing to give 
it a. sharp leading edge i- the ; modif icat ion having .been first 
suggested to him-by.the effects of a depos it ' of .ice . Ac-, 
cordingly, Lt. Comdr. Diehl, 'through 'tie Bureau of Aero- 
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nautics, Navy Department, request ed .the National AdviBory 
Committee for Aeronaut:ios. "to invfestiga'te".'! 'by tests in the 
variatle-density wind tunnel, the characteristics of two 
such modifications of the Gott.^398 airfoil. The tests 
were made in 'lT-d-v'e'm"ber 'l-9'13r.' • The' results, are j)resented 
in this note together with the results of a test of the 
normal G-litt. 39'8- '.airf bal' for comparison;/ f;.;. 

Attention is also, called, to asotlier investigation of 
the effects of nose shape, the results of which have re- 
cently been published (reference 3), consisting of tests 
in the variable-density wind '.tunnel of nine symmetrical 
airfoils having different leading edge radii. 



■Models 




The section G&tt. 398-A was derived .from the obtt. 398 

sect i6n*'by. fairing. new upper and-. lower surface curves from 
a point 1 per • cent ■ of . the • chord forward of the original 
•leading edge- into the original surf ac© , curv.es . The CJott 
398-B was " similarily derived. except that the leading-edge 
point was taken 2 per cent of. the chord forward of the 
original Leading edget The ■ resulting nose forms are shown 
in Pigur'e 1 after., the. sections have been scaled back to the 
same chord. The profile forms and tables of ordinates are 
also given ■ ih' Figur.es 3 and. 4. The models that were built 
for the testis .were the usual- 5 by 30 inch duralumin airr . 
foils made, .as described in- reference 1. ' 



Tests 




The airfoils- -were tested In the. usual manner as de- 
scribed in. reference 1 except that the angle of attack 
range was extended to 60° in order to. investigate the 
characteristics of- the airfoils beyond the stall.' The 
tests were made at a Reynolds Number of approximately 
3,000,000, which is roughly- the value reached in flight by 
the usual airplane flying near its minimum speed. 

. ■ Sesult^s and Discus.aio'n 

The results .are .presented in the standard graphical . 
form by-means of two plots for each airfoil. -(See figs. 2 
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to' 7. ) ■In th-e f ira't plot tHe lift coef f icient , Ci, , drag 
coefficient Cjj, the L/D ratio, and tlie center of pressure 
are plotted against angle of attack a. These results have 
"been corrected . for the effects of the tunnel walls "by. the 
method descrihed in reference 2 so that they represent the 
characteristics of rectangular wings of aspe-tft rat io; 6.:..- 
The second, the in-finite-aspect-ratio plot, presents the 
results reduced hy the method descrihed in reference 2 to 
infinite aspect ratio. The profile-drag coefficient Cj)^, 
the angle of attack for infinite aspect ratio--aot and the 
coefficient of moment ahout a point one-'q.uarter of the 
chord "behind the leading .edge c/4' plotted against 

the lift coefficient as the independent variable, 

-■ - Effects -df the nose modifl-catian ^. -.Referring to Fig- 
ure 8, it may he ;: seen- that the modifications have little'- 
effect on the slope of-the lift ■ curve .or on the. lift in the 
angle- of "-attack range correspondi-ng -to- low profile-drag co- 
e-f f icients . '. "Ho-wever r the li'ft ■ ctlrves for the sharp-nosed 
aiffoils remain straight over a smaller range of angles of 
a-ttack. 'The maximum lift co-efficient is 'reduc-ed -Tsy . approxi- 
mately 2& per cent hy either modif icetion, and . the "rapid 
loss of lift beyond the maximum is eliminated. 

The ■ effects . of the modifications-, on the prof ile-drag 
-•coefficient may he seen -from Figure 9., The effect of changr 
ing to either form of sharp n"ose is.. tf.o reduce the minimum 
profile-drag coefficient "by approximately 8 per cent, and 
to cause the minimum profile drag to occur at a higher value 
of the lift coef f icient ; "iThei T&adt ion having . the finest nose, 
however, shows a particularly rapid increase of drag for 
lift coefficients "below that for minimum profile drag. If 
a G-ott, 398 wing were replaced. hy one of this type some 
■loss of high speed might result; particularly if a larger 
wing were used to compensate for -the lower maximum-lift co- 
efficient. It should "be noted that these results could have 
"been predicted in a general way from the earlier investi- 
.gation of the effect^ of nose shape reported in reference 3. 

The effects of the nose modifications on the pitching- 
moment characteristics may "be studied hy referring to the 
c.p. and moment curves in-. Figures 2 to 7 or. to the .follow- 
ing table: . . : . . , 
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■ Airfoil- • 



Most fotward c.p.. .(p§|r. 
ceiit chord) 

c.p* at -1/4 Ol max CP^r 
cent . chord) . 

c.p't travel (per cent. 
. ■ chord).. cliord 

o„. ■ ■ • 

"^0 

• 

Spi nh-in g t endencies . Curves of normal-force coef- 
ficient against .angle of attack, have teen used (reference 
4) to indicate the spinning tendencies of a wing. Such 
curves for the two sharp-nosed .airfoils are compared with 
the corresponding curve for the G-'itt. 398 airfoil in Fig- 
ure lO;- It is evident from these that, as compared with, 
the no-5^al airfoil, the sharp-.nosed airfoils have charac- 
teristics that .give the normal-force curves .a smal"ler nega- 
tive slope and a smaller t.otal drop for angles of attack 
"beyond the first maximum, indicating a smaller degree of 
instaih-illty in roll atout the longitudinal axis.. In -the 
plaii'e' of symmetry and a: reduced -tendency to. deVe.Lop a vio- 
lent or dangerous spin. • ■ • i . ; 



.COHCLUSIOS[S 



Both sharp-nosed airfoils have atout the same charac- 
teristics.' As compared with the normal airfoil, t'he maxi- 
mum lift is' reduced by approximately 26 per cent, hut th.e 
ohjectionahle rapidly decreasing lift with angle of attack 
hey ond the ' stall is eliminated; the profile drag is slight- 
ly reduced in the range of the 1 if t • coef f ic ient "between 0.2 
and 0,85, hut at higher and lower lift coefficients the 
(3.rag ts increased, ffor practical purposes the ffbtt. 398-A, 
the section having the'hlunter angle at the nose, is proba- 
bly preferable to the G-Btt, 398-S because the profile drag 
increases less rapidly as the angle of attack departs from 
that for minimum profile drag. 
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Date: ll/B/Zl^ mere tested: l.M.A.L. , V.B.O?.; 714 



lig. 7 Gott, 398 B Infinite A.R. chaxacteristics. 
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